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For: TRANSFER MOLDING APPARATUS AND METHOD FOR MANUFACTURING 
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PRELIMINARY AMENDMENT 

Honorable Assistant Commissioner for Patents 

Washington, D.C. 20231 Date: June 29, 2001 

Sir: 

Preliminary to the examination of the above-identified application, please enter 
the following amendments and remarks. 

In the Abstract: 

Please cancel the Abstract and replace with the Abstract attached herewith. 

In the Specification: 

Kindly amend the specification as follows: 
Page 1 , between lines 3 and 4, insert 

- CROSS REFERENCE TO RELATED APPLICATIONS 
This is a divisional application of application Serial No. 09/265,841, filed March 

10, 1999, which is hereby incorporated by reference in its entirety for all purposes.- 
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Replace the paragraph beginning on page 1, line 9 with the following paragraph: 
"In the manufacture of semiconductor devices, transfer molding apparatuses for 
encapsulating semiconductor devices mounted on lead frames are conventionally used. 
As shown in Fig. 7, the transfer molding apparatus comprises a transfer pot 10 into 
which solid thermosetting resin (tablets) is loaded, a plunger 12 for transferring the 
thermosetting resin 28 (hereafter referred to as the resin 28. See Fig.8) that has been 
fluidified in the transfer pot, a position sensor 14 for detecting the position of the plunger 
12, a top-half mold 16a fixed to a top platen 26a, a bottom-half mold 16b fixed to a 
bottom-half platen 26b, heaters 18 for heating the top-half and bottom-half molds 16a, 
16b to a predetermined temperature, and a suction pump 24 for reducing the pressure 
in the cavities 20 by extracting the air from a chamber 30 where the top-half and 
bottom-half molds 16a, 16b are disposed." 

Replace the paragraph beginning on page 2, line 6 with the following paragraph: 
"Referring to Fig.8, description will be made of a method of manufacturing 
semiconductor devices on a transfer molding apparatus structured as described above. 
Fig.8 shows only the principal portions for convenience of explanation. First of all, a 
semiconductor-device-mounted lead frame (not shown) is set in the bottom-half mold 
16b, a resin tablet is loaded in the transfer pot 10, and by lowering the top platen 26a, 
the top-half mold 16a and the bottom-half mold 16b are closed, so that a cavity 20, for 
example, is formed as shown in Fig.8 (a). At this point in time, the semiconductor 
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device has been placed almost in the center of the cavity 20. In addition, the pressure 
in the chamber 30 has been reduced to about 30 to 99Pa by the suction pump 24." 



Replace the paragraph beginning on page 3, line 6 with the following paragraph: 
"In the transfer molding apparatus constructed as described, there are 
possibilities of an unfilled region (voids) 29 being formed in the top-cavity portion or the 
bottom-cavity portion of the mold due to a difference in resin-filling speed between the 
top-cavity portion and the bottom-cavity portion, which partition is made by the 
semiconductor element loaded in the cavity 20. Voids are unwanted because they give 
rise to a warp or deformation in the package or decreases its strength or humidity 
resistance. " 

Replace the paragraph beginning on page 4, line 24 with the following 
paragraph: 

"a pressure adjuster for reducing the pressure in the cavity when a specified 
amount of resin has been injected into the cavity." 

Replace the paragraph beginning on page 4, line 26 with the following 
paragraph: 

"Because the pressure adjuster reduces the pressure in a cavity after a specified 
amount of resin has been injected into the cavity, the cavity is at normal pressure at a 

3 
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point in time when the supply of a specified amount of resin is finished and the pressure 
difference between the pressure in the cavity and the pressure in the resin is relatively 
small. Therefore, the air bubbles in the resin can be prevented from expanding 
remarkably." 

Replace the paragraph beginning on page 5, line 6 with the following paragraph: 
"Because the pressure adjuster reduces the pressure in a cavity when a 
specified amount of resin has been injected into the cavity, the remaining air in the 
unfilled region of the top cavity portion or the bottom cavity portion can be decreased, 
so that the voids can be reduced, which occur due to a difference in filling rate between 
the top cavity portion and the bottom cavity portion." 

Replace the paragraph beginning on page 5, line 12 with the following 
paragraph: 

"In the transfer molding apparatus described above, the top-half mold and the 
bottom-half mold form a plurality of interconnected cavities, and the pressure adjuster 
reduces the pressure of the cavities every time any one of the plurality of cavities is 
supplied with a specified amount of resin." 

Replace the paragraph beginning on page 5, line 22 with the following 
paragraph: 
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"Further, in the transfer molding apparatus, the pressure adjuster has a position 
detector for detecting the position of the plunger, and reduces the pressure in each 
cavity by detecting the plunger position at a point in time when the cavity has been 
supplied with a specified amount of resin. By using this mechanism, the injected 
amount of resin can be detected with high accuracy, which makes it possible to suitably 
control timing of pressure reduction by the pressure adjuster." 

Replace the paragraph beginning on page 6, line 2 with the following paragraph: 
"In the transfer molding apparatus described above, the pressure adjuster has a 
time counter, and reduces the pressure in a cavity when the time counter has counted a 
set length of time from the start of movement of the plunger until the cavity is supplied 
with a specified amount of resin." 

Replace the paragraph beginning on page 6, line 7 with the following paragraph: 
"More specifically, a length of time from the start of plunger movement until the 
cavity is supplied with a specified amount of resin is measured, and at the end of a 
preset time, the pressure adjuster reduces the pressure in the cavity. Therefore, it is 
possible to detect the injected amount with high accuracy, and suitably control timing of 
pressure reduction by the pressure adjuster." 



Replace the paragraph beginning on page 6, line 18 with the following 
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paragraph: 

"In other words, according to the method according to the present invention, 
because the pressure in a cavity is not reduced until the cavity is supplied with a 
specified amount of resin, the cavity prior to injection of resin is maintained at normal 
pressure. For this reason, a pressure difference between the pressure in the resin and 
the pressure in the cavity is relatively small when the cavity has been supplied with 
resin. Therefore, the entrapped air in the resin can be prevented from expanding 
remarkably." 

Replace the paragraph beginning on page 7, line 8 with the following paragraph: 
"Figs. 2(a)-2(d) are fragmentary diagrams for explaining the motion of the 
transfer molding apparatus shown in Fig.1;" 

Replace the paragraph beginning on page 7, line 12 with the following 
paragraph: 

"Figs. 4(a)-4(d) are fragmentary diagrams for explaining the motion of the 
transfer molding apparatus shown in Fig. 3;" 

Replace the paragraph beginning on page 7, line 16 with the following 
paragraph: 

"Figs. 6(a)-6(d) are fragmentary diagrams for explaining the motion of the 
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transfer molding apparatus shown in Fig.5;" 
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Replace the paragraph beginning on page 7, line 18 with the following 
paragraph: 

"Fig. 7 is a sectional view showing a schematic construction of a conventional 
transfer molding apparatus; and" 

Replace the paragraph beginning on page 7, line 20 with the following 
paragraph: 

"Figs. 8(a)-8(d) are fragmentary diagrams for explaining the motion of the 
transfer molding apparatus shown in Fig.6." 

Replace the paragraph beginning on page 7, line 27 with the following 
paragraph: 

"A first embodiment will be described with reference to Figs.1 and 2. As shown 
in Fig.1 , the transfer molding apparatus according to the first embodiment comprises a 
top-half mold 16a fixed to a top platen 26a; a bottom-half mold 16b fixed to a bottom 
platen 26b; heaters 18 for heating the top-half and the bottom-half molds 16a, 16b to a 
predetermined temperature; a transfer pot 10, formed by the top-half and the bottom- 
half molds, for accepting a tablet of a thermosetting resin, an epoxy resin for example, 
formed by the top-half and the bottom-half molds 16a, 16b; a plunger 12 for extruding 
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the resin 28 melted in the transfer pot 10; a position sensor 14 for detecting the position 
of the plunger 12; a suction pump 24 for reducing the pressure in a chamber 30, having 
the top-half mold 16a and the bottom-half mold 16b installed therein, thereby placing 
the cavities 20 at reduced pressure; and a pressure controller 40 for controlling the 
drive of the suction pump 24 according to the amount of movement of the plunger 12." 

Replace the paragraph beginning on page 8, line 14 with the following 
paragraph: 

"When the top-half mold 16a and the bottom-half mold 16b are closed, two 
cavities 20 as molding spaces for packages and two runners 22 for guiding the resin 
into the cavities 20 through gates 23, which are open to the cavities 20, are formed. 
The runners (distribution paths) 22 are provided on both sides of the transfer pot 10 and 
communicate with each other through the transfer pot 10." 

Replace the paragraph beginning on page 9, line 19 with the following 
paragraph: 

"The position sensor 14 is detecting the position of the plunger 12 from the start 
of its movement. As shown in Fig. 2(b), the position sensor 14 outputs a detection 
signal to the pressure controller 40 when the position sensor 14 detects that the leading 
end of the plunger 12 has reached the position B, which indicates that a specified 
amount of resin has been supplied from the runner 22 into the cavity 20." 

8 
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Replace the paragraph beginning on page 10, line 26 with the following 
paragraph: 

"After the resin 28 has been sufficiently cured, the top platen 26a (see Fig. 1 ) is 
raised, and a semiconductor device with a lead frame in a package of resin 28 that 
hardened around the semiconductor element is ejected. Subsequently, the excess 
resin remaining in the runner 22 or the like is removed, the package is whittled down to 
shape, the frame portion of the lead frame is trimmed, and the outer leads are formed. 
Thus, a semiconductor device is obtained." 

Replace the paragraph beginning on page 11, line 21 with the following 
paragraph: 

"Referring to Figs. 3 and 4, a second embodiment of the present invention will be 
described. As shown in Fig. 3, the transfer molding apparatus according to the second 
embodiment comprises a top-half mold 16a fixed to a top platen 26a; a bottom-half 
mold 16b fixed to a bottom platen 26b; heaters 18 for heating the top-half and the 
bottom-half molds 16a, 16b to a predetermined temperature; a transfer pot 10, for 
accepting a tablet of a thermosetting resin, an epoxy resin for example, formed by the 
top-half and the bottom-half molds 16a and 16b; a plunger 12 for extruding the resin 28 
melted in the transfer pot 10; a suction pump 24 for reducing the pressure in the 
chamber 30, having the top-half and the bottom-half molds 16a, 16b installed therein, 
thereby placing the cavities 20 at reduced pressure; and a pressure controller 42 for 

9 
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controlling the drive of the suction pump 24 according to the amount of movement of 
the plunger 12." 



Replace the paragraph beginning on page 12, line 7 with the following 
paragraph: 

"When the top-half mold 16a and the bottom-half mold 16b are closed, two 
runners (distribution paths) 22 for guiding the resin into the cavities 20 through gates 
23, which are open to the cavities 20 are formed." 

Replace the paragraph beginning on page 13, line 12 with the following 
paragraph: 

"The timer 42a starts counting time from the start of plunger movement, and as 
shown in Fig.4(b), when the leading end of the plunger 12 has moved from position A to 
position B and the timer 42a counts to time t1 that indicates a specified amount of resin 
28 has been supplied from the runner 22 into the cavity 20, the timer 42a outputs a 
detection signal to the pressure controller 42. On receiving a detection signal from the 
timer 42a, the pressure controller 42 sends a drive start signal to the suction pump 24, 
In response to the drive start signal, the suction pump 24 starts to extract the air from 
the chamber 30, thus reducing the pressure in the chamber 30 to about 30 to 99Pa." 
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Replace the paragraph beginning on page 16, line 24 with the following 
paragraph: 

"The position sensor 14 detects the position of the plunger 12 from the start of its 
movement. As shown in Fig. 6(a), the position sensor 14 outputs a detection signal to 
the pressure controller 40 when the position sensor 14 detects that the leading end of 
the plunger 12 has reached the position A, which indicates that a specified amount of 
resin has been supplied from the first runner 22a into the first cavity 20a." 

Replace the paragraph beginning on page 17, line 25 with the following 
paragraph: 

"Subsequent to as shown in Fig. 6(b), when the cavity 20a has been filled with 
the resin 28 once the plunger 12 moves past the position B, the position sensor 14 
outputs a detection signal to the pressure controller 40. On receiving the detection 
signal from the position sensor 14, the pressure controller 40 transmits a drive stop 
signal to the suction pump 24. By this drive stop signal, the suction pump 24 is stopped 
and the chamber 30 is brought back to normal pressure." 

Replace the paragraph beginning on page 18, line 5 with the following 
paragraph: 

"When a specified amount of resin 28 has been supplied from the second runner 
22b to the second cavity 20b, the position sensor 14 detects that the plunger 12 has 
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reached the position C, as shown in Fig. 6(c). When the position sensor 14 detects that 
the leading end of the plunger 12 arrived at position C, the position sensor 14 outputs a 
detection signal to the pressure controller 40." 

Replace the paragraph beginning on page 19, line 3 with the following 
paragraph: 

"Subsequently, when the leading end of the plunger 12 has moved to the 
position D as shown in Fig. 6(d), which indicates that the second cavity 20b has been 
filled completely with the resin 28, the position sensor 14 outputs a detection signal to 
the pressure controller 40. In response to the detection signal, the pressure controller 
40 sends a drive stop signal to the suction pump 24. By the drive stop signal, the 
suction pump 24 is stopped. On the other hand, the chamber 30 is brought back to 
normal pressure. At the same time, the plunger movement is also stopped, and the 
resin in the cavities 20a and 20b is cured." 

Replace the paragraph beginning on page 19, line 23 with the following 
paragraph: 

"The shape of the mold is not limited to the one shown in Figs. 5 and 6, but may 
be a type for producing a package with multiple gates, such as formed in matrix. In this 
case, by detection of the position of the plunger 12 by the position sensor 14, it is 
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possible to adjust the pressure of the cavities in a predetermined timing pattern, so that 
products without voids can be produced." 



Replace the paragraph beginning on page 20, line 1 with the following 
paragraph: 

"According to the third embodiment that has been described, the pressure 
controller 40 controls the suction pump according to the position of the plunger 12 
detected by the position sensor 14. It is also possible to arrange for the pressure 
controller 40 to control the suction pump according to time counted by the timer 42a 
shown in Figs. 4(a)-4(d)." 

In the Claims: 

Please cancel claims 1-6 without prejudice or disclaimer of the subject matter 
contained therein. 

Please add new claims 8-21 as follows: 

-8. A method for manufacturing semiconductor devices, comprising: 
placing a lead frame having a semiconductor element mounted thereon, 

between a top-half mold and a bottom-half mold; and 

reducing a pressure in a cavity formed by the top-half mold and the bottom-half 

mold when a specified amount of resin has been supplied into the cavity. 
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9. The method for manufacturing semiconductor devices of claim 8, wherein the 
specified amount of resin is an amount of resin that fills about one half of the cavity. 



10. The method for manufacturing semiconductor devices of claim 8, further 
comprising: 

forcing the resin into the cavity using a plunger; and 
detecting a position of the plunger to determine when the specified amount of 
resin has been supplied to the cavity. 

1 1 . The method for manufacturing semiconductor devices of claim 8, further 
comprising: 

forcing the resin into the cavity using a plunger; and 
detecting an amount of time the plunger is driven to determine when the 
specified amount of resin has been supplied to the cavity. 

12. The method for manufacturing semiconductor devices of claim 8, wherein 
the specified amount of resin is an amount of resin that is supplied to the cavity without 
hardening. 

13. The method of transfer molding comprising: 
placing a package into a cavity of a resin mold; 
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forcing resin into the cavity of the resin mold; and 

adjusting air pressure in the cavity based on an amount of the resin forced into 
the cavity. 

14. The method of transfer molding of claim 13, wherein said forcing comprises 
supplying resin from a transfer pot to the cavity using a plunger. 

15. The method of transfer molding of claim 14, further comprising: 
detecting a position of the plunger to determine the amount of resin forced into 

the cavity. 

16. The method of transfer molding of claim 14, further comprising: 
detecting an amount of time the plunger is driven to determine the amount of 

resin forced into the cavity. 

17. The method of transfer molding of claim 13, wherein said adjusting air 
pressure comprises reducing the air pressure in the cavity when a specified amount of 
resin is forced into the cavity. 

18. The method of transfer molding of claim 17, wherein the specified amount of 
resin is one half an amount of resin that would fill the cavity. 
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19. The method of transfer molding of claim 17, wherein the specified amount of 
resin is an amount of resin that is supplied to the cavity without hardening. 



20. The method of transfer molding of claim 13, wherein said adjusting air 
pressure comprises extracting air from the cavity. 

21 . The method of transfer molding of claim 1 3, wherein the resin mold 
comprises a plurality of cavities that are interconnected, and said adjusting air pressure 
comprises adjusting air pressure in each of the plurality of cavities based on an amount 
of resin forced into the plurality of cavities.- 
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REMARKS 

Claims 7-21 are pending in the present application. Claims 8-21 are presented 
herewith. Claims 1-6 have been canceled as being directed to a non-elected 
embodiment. 

Also by this Preliminary Amendment, the specification has been revised to 
identify the parent application. 

Favorable consideration and early allowance of the present application is 
earnestly solicited. 

In the event that there are any outstanding matters remaining in the present 
application, the Examiner is invited to contact Andrew J. Telesz, Jr. (Reg. No. 33,581) 
at (703) 715-0870 in the Washington, D.C. area, to discuss these matters. 



17 



Hiroyuki Nishi et al. 



SKI.007D 



If necessary, the Commissioner is hereby authorized in this, concurrent, and 
future replies, to charge payment or credit any overpayment to Deposit Account No. 50- 
0238 for any additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



AJT:cej 

JONES VOLENTINE, P.L.L.C. 
12200 Sunrise Valley Drive, Suite 150 
Reston, Virginia 20191 
Telephone No.: (703) 715-0870 
Facsimile No.: (703) 715-0877 

Enclosures: Version with marked-up changes 
Abstract 



Respectfully submitted, 



JONES VOLENTINE, P.L.L.C. 



Andrew J. Telesz, Jr. 
Registration No. 33,581 
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Abstract of the Disclosure 

A method of transfer molding, wherein a top-half mold and a bottom-half mold of 
an apparatus form a plurality of cavities interconnected, and wherein a pressure 
adjuster reduces the pressure of the cavities every time a specified amount of resin is 
supplied into any one of the plurality of cavities. 
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TRANSFER MOLDING APPARATUS AND METHOD FOR 
MANUFACTURING SEMICONDUCTOR DEVICES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a transfer molding apparatus and a 
method of manufacturing semiconductor devices. 
Related Art 

In the manufacture of semiconductor devices, transfer molding 
apparatuses for encapsulating semiconductor devices mounted on lead frames 
are conventionally used. As shown in Fig. 7, the transfer molding apparatus 
comprises a transfer pot 10 into which solid thermosetting resin (tablets) is 
loaded, a plunger 12 for transferring the thermosetting resin 28 (hereafter 
referred to as the resin 28. See Fig. 8) that has been fluidified in the transfer 
pot, a position sensor 14 for detecting the position of the plunger 12, a top-half 
mold 16a fixed to a top platen 26a, a bottom-half mold 16b fixed to a bottom- 
half platen 26b, heaters 18 for heating the top-half and bottom-half molds 16a f 
16b to a predetermined temperature, and a suction pump for reducing the 
pressure in the cavities 20 by extracting the air from a chamber 30 where the 
top-half and bottom-half molds 16a, 16b are disposed. 

When the top-half and bottom-half molds 16a, 16b are closed, two 
cavities 20 each for setting up a molding space for a plastic IC package, and 
runners 22 and gates 23 as resin supply paths leading to the cavities 20 are 
formed. 

When the top-half and bottom-half molds 16a, 16b are closed, air-vent 
slots 25 are also formed at the outer end positions of the two cavities 20 
opposite the gates 23 located at the inner ends thereof. When the chamber 30 
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is placed at reduced pressure by extracting air by a suction pump 24, the air is 
sucked out from the runners 22 and the gates 23 through the air-vent slots 25, 
so that the cavities 20 are placed at reduced pressure. The runners 22 guide 
the resin 28 into the cavities 20 through the gates 23 that are open to the 
5 corresponding cavities 20. 

Referring to Fig.8, description will be made of a method of 
manufacturing semiconductor devices on a transfer molding apparatus 
structured as described above. Fig.8 shows only the principal portions for 
convenience of explanation. First of all, a semiconductor-device-mounted lead 
10 frame (not shown) is set in the bottom-half mold 16b, a resin tablet is loaded in 
the transfer pot 10, and by lowering the top platen 26a, the top-half mold 16a 
and the bottom-half mold 16b are closed, so that a cavity 20, for example, is 
formed as shown in Fig.8 (a). At'pomt in time, the semiconductor device has 
been placed almost in the center of the cavity 20. In addition, the pressure in 
15 the chamber 30 has been reduced to about 30 to 99Pa by the suction pump 24. 

While the resin tablet charged in the transfer pot 10 is being melted by 
heating it to 160° to 190° C with the heaters 18, the resin is extruded from 
the transfer pot 10 by raising the plunger 12. By this operation, the molten 
resin 28 is introduced into the runner 22 as shown in Fig.8(b). 
20 By the increasing the forcing pressure from the plunger 12, the resin 28 

in the runner 22 is guided through the gate 23 into the cavity 20 as shown in 
Fig.8(c). As shown in Fig.8 (d), when the resin 28 has been filled into the 
cavity 20, the forcing pressure from the plunger 12 is stopped, and the resin 28 
in the cavity 20, the runner 22, and the gate 23 is cured. After the resin 28 is 
25 cured sufficiently, the top platen 26a (see Fig.7) is raised, and the 
semiconductor device with a lead frame in a package of resin 20 that hardened 
around the semiconductor element is ejected. Subsequently, the excess resin 
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is removed and whittled down to shape, and the lead-frame portion is cut off 
and the outer leads are formed to thereby produce a semiconductor package. 
Subsequently, the excess resin is removed, the package is whittled down to 
shape, the frame poxiion of the lead frame is trimmed, and the outer leads are 
5 formed. Thus, a semiconductor device is produced.^ 

In the transfer molding apparatuspelistructed as described, there are 
possibilities of an unfilled region (voids) being formed in the top-cavity portion 
or the bottom-cavity portion of the mold due to a difference in resin-filling 
speed between the top-cavity portion and the bottom-cavity portion, which 

10 partition is made by the semiconductor element loaded in the cavity 20. Voids 
are unwanted because they give rise to a warp or deformation in the package 
or decreases its strength or humidity resistance. 

There have been countermeasures against the voids. One is to 
provide* a suction port communicating with the cavity, and directly reduce the 

15 pressure in the cavity by the use of a suction pump to decrease the remaining 
air in the top-cavity portion or the bottom-cavity portion to prevent the 
occurrence of voids. 

The other is to place the chamber 30 itself in a reduced-pressure atmosphere so 
l that the remaining air in the top-cavity portion or the bottom-cavity portion 

20 should be extracted through the air- vent slot 25 and to thereby prevent the 
occurrence of voids. 

However, in the transfer molding apparatus constructed as described 
above, because the resin passes through the gate of a smaller diameter than 
that of the runner when it enters a cavity, the resin is subjected to pressure at 
25 the gate, and the resin in compressed state is injected into the cavity. 
Therefore, if the cavity is at induced pressure when a specified amount of resin 
is introduced into the cavity, there is a relatively large pressure difference 
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between the pressure in the cavity and the pressure in the resin. A problem 
here is that when there is such a large pressure difference, the air bubbles in 
the resin expand notably, and remain as voids in the package. 

Thermosetting resins have a characteristic that curing does not 
5 progress in proportion to the passage of time, but curing occurs after the 
viscosity decreases once. Therefore, with some kinds of thermosetting resins, 
the viscosity sometimes drops temporarily while the cavity is being filled with 
a molding compound. Also in this case, there is a problem 
that the air bubbles expand remarkably in the resin and remain as voids in the 
10 package. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the above problems, and 
has as its object to provide a transfer molding apparatus and a method for 
15 manufacturing semiconductor devices, which are free of voids remaining in a 
resin when filled in the cavities. 

To achieve the above object, the transfer molding apparatus according 
to the present invention comprises: 

a top -half mold and a bottom-half mold for forming a cavity as a 
20 molding space for a package and a transfer pot as a loading space, 
communicating with the cavity, for resin to be injected into the cavity; 

a plunger for forcing the resin out of the transfer pot into the cavity; 

and A ^ f TcS<po t€^ 

-ff rosauro adjucting means for reducing the pressure in the cavity when 

25 a specified amount of resin has been injected into the cavity. 

Because the pressure attesting mea^s reduces the pressure in a cavity 

after a specified amount of resin has been injected into the cavity, the cavity is 
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at normal pressure at a point in time when the supply of a specified amount of 
resin is finished and the pressure difference between the pressure in the cavity 
and the pressure in the resin is relatively small. Therefore, the air bubbles in 
the resin can be prevented from expanding remarkably. 

Because the pressure - adjusting mean s reduces the pressure in a cavity 
when a specified amount of resin has been injected into the cavity, the 
remaining air in the unfilled region of the top cavity portion or the bottom 
cavity portion can be decreased, so that the voids can be reduced, which occur 
10 due to a difference in ffl^g rate be^een the top cavity portion and the bottom 
cavity portion. 

In the transfer molding apparatus described above, the top-half mold 
and the bottom-half mold form a plurality of interconnected cavities, and the 
pressure adjudging means reduces the pressure of the cavities every time any 

15 one of the plurality of cavities is supplied with a specified amount of resin. 

Even in such a construction that a plurality of cavities are connected to 
one transfer pot, each cavity is kept at normal pressure until it is supplied with 
a specified amount of resin. Therefore, the entrapped air in the resin in each 
cavity when it is filled with the specified amount of resin can be prevented 

20 from expanding to a great extent, with the result that it is possible to 
efficiently obtain semiconductor devices in packages of good quality ^ 

Further, in the transfer molding apparatus, the pressure adjuifing 
meWns has a position detecting - means for detecting the position of the plunger, 
and reduces the pressure in each cavity by detecting the plunger position at a 

25 point in time when the cavity has been supplied with a specified amount of 
resin. By using this mechanism, the injected amount of resin can be detected 
with high accuracy, which makes it possible to suitably control timing of 



pressure reduction by the pressure adj witiiig means. 

In the transfer molding apparatus described above, the pressure 
*~a#ae *mg mean s has a time counting moan s, and reduces the pressure m a 
cavity when the time ^um iL in g m e an s has counted a set length of time from the 
5 start of movement of the plunger until the cavity is supplied with a specified 
amount of resin. 

More specifically a length of time from the start of plunger movement 
until the cavity is supplied with a specified amount of resin is measured, and 
at the end of a preset time, the pressure adjusting moan s reduces the pressure 

10 in the cavity. Therefore, it is possible to detect the injected amount with high 
accuracy, and suitably control timing of pressure reduction by the pressure 
^- adji a fcting mean s. 

In the method for manufacturing semiconductor devices, a 
semiconductor-element-mounted lead frame is placed between the top-half 

15 mold and the bottom-half mold, and the pressure in a cavity is reduced when a 
specified amount of resin has been filled in the cavity formed by the top-half 
mold and the bottom-half mold. 

In other words, according to the method according to the presgjuL 
invention, because the pressure in a cavity is not reduced until the 9 

20 supplied with a specified amount of resin, the cavity prior to inject 

is maintained at normal pressure. For this reason, a pressure difference 
between the pressure in the resin and the pressure in the cavity is relatively 
small when the cavity has been supplied with resin. Therefore, the entrapped 
air in the resin can be prevented from expanding remarkably. 

25 Needless to say, because the pressure in the cavity is reduced after the 

cavity has been supplied with a specified amount of resin, the remaining air in 
the unfilled region of the top-cavity portion or the bottom-cavity portion can be 




reduced, and it becomes possible to prevent the occurrence of voids due to a 
difference in filling rate between the top-cavity portion and the bottom-cavity 
portion. 



BRIEF DESCRIPTION OF THE DRAWINS 

Fig.l is a sectional view showing a schematic construction of a transfer 
molding apparatus according to a first embodiment of the present invention; 
/L(]HFig.2 io cu fragmentary -di&gi-€tm for Explaining the motion of the transfer 
molding apparatus shown in Fig.l; 
10 Fig.3 is a sectional view showing a schematic construction of the transfer 
molding apparatus according to a second embodiment of the present invention; 
^ ^ L Kgr4-4s^ fragmentary diagram for Explaining the motion of the transfer 
molding apparatus shown in Fig.3; 

Fig.5 is a sectional view showing a schematic construction of the transfer 
15 mol^n^ apparatus according to a embodiment of the present invention; 
|^S^^ ^ig.6 io fra gmentary di^am for^^pc^aining the motion of the transfer 
molding apparatus shown in Fig.5; 

Fig.7 is a sectional view showing a schematic construction of^e 'conventional 
transfer, molding apparatus; and 



„ ^ /transfer, molding 
1 /T20 / ^Fig.8 i o a fragr 



Imentary di^fam for ^plaining the motion of the transfer 
molding apparatus shown in Fig.6. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described with reference 
25 to Figs.l to 6. 

(First Embodiment) 

A first embodiment will be described with reference to Figs.l and 2. 
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As shown in Fig.l, the transfer molding apparatus according to the first 
embodiment comprises a top-half mold 16a fixed to a top platen 26a; a bottom- 
half mold 16b fixed to a bottom platen 26b; heaters 18 for heating the top-half 
and the bottom-half molds 16a, 16b to a predetermined temperature; a transfer 
5 pot 10, formed by the top-half and the bottom-half molds, for accepting a tablet 
of a thermosetting resin, an epoxy resin for example, formed by the top -half 
and the bottom-half molds 16a, 16b; a plunger 12 for extruding the resin 28 
melted in the transfer pot 10; a position sensor 14 for detecting the position of 
the plunger 12; a suction pump 24 for reducing the pressure in a chambej^SO? 
10 having the top-half mold 16a and the bottom-half mold 16b installec 

thereby placing the cavities 20 at reduced pressure; and a pressure controller 
40 for controlling the drive of the suction pump 24 according to the amount of 
movement of the plunger 12. 

When the top-half mold 16a and the bottom-half mold 16b are closed, 
two cavities 20 as molding spaces for packages and two runners W for guiding 
the resin into the cavities 20 through gates 23, which are open to the cavities 
20, are formed. The runners (distribution paths) 22 are provided on both 
sides of the transfer pot 10 and communicate with each other through the 
transfer pot 10. 

20 An air- vent slot 25 is formed on the side of each cavity 20 that is 

opposite the side open to the gate 23. As will be described later, when the 
chamber 30 is placed at reduced pressure by using a suction pump 24, the air 
in the cavities 20 is extracted through the air-vent slots 25, so that the cavities 
are also placed at reduced pressure. 

25 The pressure controller 40 drives the suction pump 24 to reduce the 

pressure in the chamber 30 when the position sensor 14 detects that the 
plunger 12 is at the position indicating that each cavity has been supplied with 
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a specified amount of resin. The pressure controller 40 causes the suction 
pump 24 to stop when the position sensor 14 detects the position of the plunger 
12, which indicates that the cavities 20 have been filled with resin 28. Then, 
the pressure controller 40 brings the chamber 30 to normal pressure by 
5 releasing a vent valve of the chamber 30. 

Referring to Fig.2, description will now be made of a method for 
manufacturing semiconductor devices on the transfer molding apparatus 
constructed as stated. Note that Fig.2 shows the principal parts only for 
convenience of explanation. A semiconductor-element-mounted lead frame 
10 (not shown) is set in the bottom-half mold 16b, then a resin tablet is charged in 
the transfer pot 10, and by lowering the top platen 26a, the top-half mold 16a 
and the bottom-half mold 16b are closed as shown in Fig.2(a). At this time, 
the semiconductor element, not shown, has been placed almost in the center of 
the cavity 20. 

15 Then, while the tablet charged into the transfer pot 10 is melted by 

heating it to 160° to 190° C, the plunger 12 is raised to extrude the resin from 
the transfer pot 10. Consequently, the molten resinj^is^^ 

runner 22. ^^^1- ^^ - ^C^ lL~ 

The position sensor 14 is detecting the^^fimrof the plunger 12 from 

20 the start of its movement. As shown in ftgS^), the position sensor 14 
outputs a detection signal to the pressure controller 40 when the position 
sensor 14 detects that the leading end of the plunger 12 has reached the 
position B, which indicates that a specified amount of resin has been supplied 
from the runner 22 into the cavity 20. 

25 On receiving a detection signal from the position sensor 14, the 

pressure controller 40 transmits a drive start signal to the suction pump 24. 
In response to the drive start signal, the suction pump 24 starts to extract the 




resin 28 that hardened around the/semiconductor element is ejected. 
Subsequently, the excess resin remaining in the runner 22 or the like is 
removed, the package is wh^tle down to shape, the frame portion of the lead 
frame is trimmed, and the outer leads are formed. Thus, a semiconductor 
device is obtained. 

As has been described, in the first embodiment, when the position 
sensor 14 detects that a specified amount of resin 28 has been injected into the 
cavity 20, the pressure controller 40 causes the suction pump 24 to operate to 
reduce the pressure in the cavity 20. Therefore, the relative pressure 
difference between the pressure acting on the air bubbles in the resin 28 and 
the pressure in the cavity 20 can be limited to a small degree until the cavity 
20 is supplied with a specified amount of resin 28. For this reason, the air 
bubbles in the resin 28 can be prevented from expanding remarkably, which 
makes it possible to eliminate chances of voids remaining in the package. 

If the pressure in the chamber 30 is reduced after a drop occurred in 
the viscosity of the resin 28 being injected into the cavity 20, it follows that the 
curing of the resin has started. In this case, the air bubbles in the resin 28 
can be prevented from expanding remarkably, leaving less chances of the voids 
remaining in the package. 
(Second Embodiment) 

Referring to Figs. 3 and 4, a second embodiment of the present 
invention will be described. As shown in Fig.3, the transfer molding 
apparatus according to the second embodiment comprises a top-half mold 16a 
fixed to a top platen 26a; a bottom-half mold 16b fixed to a bottom platen 26b; 
heaters 18 for heating the top-half and the bottom-half molds 16a, 16b to a 
predetermined temperature; a transfer pot 10, for accepting a tablet of a 
thermosetting resin, an epoxy resin for example, formed by the top-half and 
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the bottom-half molds 16a and 16b; a plunger 12 for extruding tte resin 28 
melted in the transfer pot 10; a suction pump 24 for reducing the/pressure in 
the chamber 30 y ^ayingj the top-half and the bottom-half molds 16a, 16b 
installed therein, VtWeby placing the cavities 20 at reduced pressure; and a 
pressure co^troU^42 jjp*<e^^ controlling the drive of 

the suction pump 24 according to the amount of movement of tha plunger 12. 

When the top-half mold 16a and the bottom-half mold 
two runners (distribution paths) 22 for guiding the resin into the cavities 20 
through gates 23, which are open to the cavities 20 are formed. 

An air-vent slot 25 is formed on the side of each cavity 20 that is 
opposite the side open to the gate 23. When the chamber 30 is placed at 
reduced pressure by using a suction pump 24, the air in the cavities is 
extracted through the air-vent slots 25, so that the cavities 20 are also placed 
at reduced pressure. 

The pressure controller 42 is connected to a timer 42a that counts the 
elapsed time from the start of plunger movement. The timer 42a, when it has 
counted the time until the cavity 20 is supplied with a specified amount of 
resin, outputs a detection signal to the pressure controller 42. In response, 
the pressure controller 42 causes the suction pump 24 to operate to reduce the 
pressure in the chamber 30. When the timer 42a has counted the time until 
the supply of resin 28 into the cavity 20a is finished, the pressure controller 42 
causes the suction pump 24 to stop. On the other hand, the chamber 30 is 
returned to normal pressure. 

Referring to Fig.4, description will be made of a method of 
manufacturing semiconductor devices on the transfer molding apparatus 
constructed as described. Fig.4 shows the principal parts only for convenience 
of explanation, and depicts the chamber 30 with an alternate long and short 
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dash line in a conceptual diagram. 

After a semiconductor-element-mounted lead frame (not shown) is set 
in the bottom-half mold 16b, a resin tablet is charged in the transfer pot 10, 
and by lowering the top platen 26a, the top-half mold 16a and the bottom-half 
5 mold 16b are closed as shown in Fig.4(a). At this point in time, the 
semiconductor element, not shown, has been placed almost in the center of the 
cavity 20. 

While the resin tablet charged in the transfer pot 10 is being melted by 
heating it to 160° to 190° C by the heaters 18, the resin is extruded from the 
10 transfer pot 10 by raising the plunger 12. By this operation, the molten resin 
28 is introduced into the runner 22. £©UiC»-> 

The timer 42a starts counting time from the start^f plunger movement, 
and as shown in Fig.4(b), when the leading end of tiie plunger 12 has moved 
from position A to position B and the timer 42a c^e to time tl that indicates a 
15 specified amount of resin 28 has been supplied from the runner 22 into the 
cavity 20, the timer 42a outputs a detection signal to the pressure controller 42. 
On receiving a detection signal from the timer 42a, the pressure controller 42 
sends a drive start signal to the suction pump 24. In response to the drive 
start signal, the suction pump 24 starts to extract the air from the chamber 30, 
20 thus reducing the pressure in the chamber 30 to about 30 to 99Pa. 

In other words, when the timer has counted the previously calculated 
time tl till each cavity 20 is supplied with a specified amount of resin 28, the 
suction pump 24 gradually reduces the pressure in the cavity 20. For this 
reason, even if the resin 28 has been compressed at the gate position 23 and 
25 the pressurized resin is injected into the cavity, the relative pressure difference 
between the pressure acting on the air bubbles in the resin 28 and the pressure 
in" the cavity 20 is limited to a small degree. Therefore, the air bubbles 
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pressure in the chamber 30 when the position sensor 14 detects that the 
plunger 12 is at the position indicating that each cavity has been supplied with 
a specified amount of resin. When the position sensor 14 detects that the 
plunger 12 is at the position indicating that the first cavity 20a has been filled 
5 with resin 28 and also when the sensor 14 detects that the plunger 12 is at the 
position indicating that the second cavity 20b has been filled with resin 28, the 
pressure controller 40 causes the suction pump 24 to stop. On the other hand, 
the chamber 30 is brought back to normal pressure. Note that the other 
features of the third embodiment are the same as in the first embodiment, and 

10 therefore their descriptions are omitted. 

Referring to Fig.6, description will be made of a method for 
manufacturing semiconductor devices on the transfer molding apparatus 
constructed as described. Fig.6 shows only the principal parts for convenience 
of explanation. Semiconductor-device-mounted lead frames (not shown) are 

15 set in the bottom-half mold 16b, then a resin tablet is loaded in the transfer pot 
10, and by lowering the top platen 26a, the top-half mold 16a and the bottom- 
half mold 16b are closed. At this time, the semiconductor devices, not shown, 
have been placed almost in the center of the first and the second cavities 20a, 
20b. 

20 While the resin tablet charged in the transfer pot 10 is being melted by 

heating it to 160° to 190° C by the heaters 18, the resin is extruded from the 
transfer pot 10 by raising the plunger 12^gy_this-operation J the molten resin 
28 is introduced into the first rj^rifiers 22a. ^pJ^j^S 

The position sep^or 14 ic dctccting the positioif'of the plunger 12 from 
25 the start of its movement. A^howp^tfrig.6(a), the position sensor 14 
outputs a detectiW"signal ttrthe pressure controller 40 when the position 
sensor 14 detects that the leading end of the plunger 12 has reached the 
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position A, which indicates that a specified amount of resin has been supplied 
from the first runner 22a into the first cavity 20a. 

On receiving a detection signal from the position sensor 14, the 
pressure controller 40 transmits a drive start signal to the suction pump 24. 
In response to the drive start signal, the suction pump 24 starts to extract the 
air from the chamber 30, and gradually reduces the pressure in the chamber 
30 to about 30 to 90Pa. 

Therefore, even if the resin 28 has been compressed at the first gate 
position 23a and the pressurized resin 28 is injected into the first cavity 20a, 
because the first cavity 20a is gradually changed from normal pressure to 
reduced pressure, the relative pressure difference between the pressure 
applied to the air bubbles in the resin 28 and the pressure in the first cavity 
20a can be limited to a small degree, so that the air bubbles entrapped in the 
resin can be prevented from expanding greatly. 

Timing for reducing the pressure in the chamber 30 by using the 
suction pump 24 may be when the resin decreases in viscosity and starts to 
harden, for example (in this case, when the resin 28 has been supplied to about 
one half of the first cavity 20a as shown in Fig.6(b)). In other words, the 
timing for chamber pressure reduction may be when the leading end of the 
plunger 12 has reached the position B. 

As described above, if the pressure in the chamber 30 is decreased after 
the viscosity of the resin has decreased, because the resin has already started 
to harden, the air bubbles are less liable to expand in the resin supplied in the 

first cavity 20a. SuW^u*^/M — ^ * 

-Sttksequo.ntly s as shown in Fig.6(b), when the cavity 20a has been filled 
with the resin 28 M the plunger 12 moves ttf the position B, the position 
sensor 14 outputs a detection signal to the pressure controller 40. On 
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receiving the detection signal from the position sensor 14, the pressure 
controller 40 transmits a drive stop signal to the suction pump 24. By this 
drive stop signal, the suction pump 24 is stopped and the chamberJ3Jl-is 



When a specified amount of resin 28 has been supplied from the second 
runner 22b to the second cavity 20b, the/position sensor 14 detects that the 
plunger 12 has reached the position C: When the position sensor 14 detects 
that the leading end of the plunger 12 arrived at the position C, the position 
sensor 14 outputs a detection signal to the pressure controller 40. 

When receiving the detection signal from the position sensor 14, the 
pressure controller 40 transmits a drive start signal to the suction pump 24, 
and the suction pump 24 starts to extract the air from the chamber 30 until the 
chamber 30 is reduced in pressure to about 30 to 90Pa. 

Therefore, even if the resin 28 is compressed at the position of the gate 
23b and the pressurized resin 28 is injected into the second cavity 23b, because 
the second cavity 20b is gradually changed from normal pressure to reduced 
pressure, the relative pressure difference between the pressure applied to the 
air bubbles in the resin 28 and the pressure in the second cavity 20b can be 
limited to a small degree. Thus, the air bubbles entrapped in the resin can be 
prevented from expanding greatly. 

Timing for reducing the pressure in the chamber 30 by using the 
suction pump 24 may be when the resin decreases in viscosity and starts to 
harden (in this case, when the resin 28 has been injected to about one half of 
the cavity 20b). 

When the pressure in the chamber 30 is reduced after the viscosity of 
the resin in the second cavity 20b has decreased as described above, because 
the resin has started to harden, the air bubbles in the second cavity 20b are 



brought back to normal pressure. 




$>> ° -19- 



y~ . too 



less liable to expand* 

Subsequently, when the leading end of the plunger 12 has moved to the 
position D; which indicates that the second cavity 20b has been filled 
completely with the resin 28, the position sensor 14 outputs a detection signal 
5 to the pressure controller 40. In response to the detection signal, the pressure 
controller 40 sends a drive stop signal to the suction pump 24. By the drive 
stop signal, the suction pump 24 is stopped. On the other hand, the chamber 
30 is brought back to normal pressure. At the same time, the plunger 
movement is also stopped, and the resin in the cavities 20a and 20b is cured. 
10 After the resin 28 has been completely cured, the top platen 26a (see 

Fig.5) is raised, a semiconductor device with a lead frame is ejected which is 
encapsulated in the resin package that has been cured around the 
semiconductor element Subsequently, the excess resin is removed, the 
package is whittled to shape, the lead frame is trimmed, and the outer leads 
15 are formed. Thus, a semiconductor device is produced. 

As described, according the third embodiment, when a specified 
amount of resin is successively injected into the first and second cavities 20a, 
20b serially interconnected by the second runner 22b, the pressure controller 
40 causes the suction pump to operate to adjust the pressure of the cavities. 
20 Therefore, there is provided an advantage that a plurality of semiconductor 
devices are formed simultaneously in addition to_the^advantage described with 
reference to the first embodiment. S 

The shape of the mold is not feifrtedrtome one shown in Figs. 5 and 6, 
but may be a type for producing>rfpackage with multiple gates, such as formed 
25 in matrix. In this case, ^ detection of the position of the plunger 12 by the 
position sensor 14, it is possible to adjust the pressure of the cavities in a 
predetermined timing pattern, so that products without voids can be produced. 




According to the third embodiment/that has been described, the 
pressure controller 40 controls the suctien pump according to the position of 
the plunger 12 detected by the position sensor 14. It is also possible to 
arrange for the pressure controller 40 to control the suction pump according to 
5 time counted by the timer 42a. 

More specifically, the pressure controller 40 drives the suction pump 24 
to reduce the pressure in the chamber 30 when the timer 42a has counted time 
until a specified amount of resin 28 has been injected into the first cavity 20a, 
and when the timer 42a has counted time until a specified amount of resin has 
p «3 10 been injected into the second cavity 20b. In this case, the pressure controller 

S 40 causes the suction pump 24 to stop when the timer 42a has counted time 

^ when the first cavity 20a has been completely filled with the resin 28 and time 

when the second cavity 20b has been completely filled with the resin 28. 
III In all the embodiments described above, the transfer molding 

12 15 apparatus has included one transfer pot for convenience of explanation. 

!; ; However, the present invention can be applied to transfer molding apparatuses 

having a plurality of transfer pots. Similarly; in all the embodiments 
H= described above, for convenience of explanation, the transfer molding 

apparatus has included two runners communicating with the transfer pot, but 
20 the present invention can be applied to transfer molding apparatuses including 
one or more than three runners communicating with the transfer pot. 

As has been described, according to the present invention, there is 
provided a transfer molding apparatus which prevents the expansion of air 
bubbles in the resin resulting from a relative pressure difference between the 
25 pressure in the resin and the pressure in the cavity and thereby prevents the 
voids from remaining the package. 

According to the method of manufacturing semiconductor devices with 
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Abstract u t X- n 

A transfer molding appWatus, wherein said top -half mold and said 
bottom-half mold form a plurality of cavities interconnected, and wherein pam 
/L pressure adjusting mcanc reduces the pressure of the cavities every time a 
specified amount of resin is supplied into any one of a plurality of cavities. 



